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Abstract: Using a suitable shading device's slats, venturi effect can be induced to increase air 
velocity. In the preliminary experiment, three different variables of widths of the shading 
device, aperture sizes, and angle of slats have been tested. In this experiment, extensions are 
attached to the front and rear of the slats. Based on the L9 orthogonal array of the Taguchi 
method of Design of Experiment, the effect of front and rear extension, and aperture size on 
the wind flow velocity are studied. A design of experiment (DOE) is the simultaneous 
evaluation of two or more factors for their ability to affect the resultant average or variability 
of a particular product or process characteristic. The results of the experiment shows similar 
trend of velocity profile as in the preliminary experiment. The wind velocity increases 
significantly at the constriction but drops rapidly as it flows away from the slats. Analysed 
using the Analysis of Variance (ANOVA), the influential variables and interactions between 
variables that affect the wind flow velocity, and the optimum conditions are determined. The 
aperture sizes are found to have greater influence on the result at the point of constriction. 
Keywords: Shading Device, Venturi Effect, Wind Flow Velocity, Taguchi Method of Design 
of Experiment, Analysis of Variance. 
1. INTRODUCTION 
Innovation is a field receiving a great deal of attention from companies in today's fast- 
changing business environment. Realizing that most firms and competitors within their 
industry have acquired the same level of competence in other areas of management, such 
as operations, human resources, marketing, and strategy, firms nowadays are beginning 
to look at innovation as a key differentiating factor for competitive advantage. 
Innovation and its importance in the construction industry 
The word innovation appears to have its origins in the Latin innovare, which means 
simply "to renew, to make new, or to alter". Cumming (1998) had reviewed the definition 
of the term innovation throughout 1960s to date. In his paper it can be seen that the 
definition of the word innovation has subtly changed over the last 3 to 4 decades. Initially 
innovation was thought as a process, as the introduction of change or the generation of a 
new idea. Then it was refined to include implications that a new concept had to be 
brought into use before innovation could be said to have taken place. At the moment most 
definition of innovation revolves around the idea of a new concept being brought into 
successful use before innovation has occurred, normally including the words 
"effectively", "profitably" or "satisfied customers". However, innovation should not be 
viewed solely as an output of the process but rather inclusive of the processes involved. 
This is best described in the following definition provided by Narayanan (2001): 
"lnnovation refers both to the output and the process of arriving at a 
technologically feasible solution to a problem triggered by a technological 
opportunity or customer need." 
It is a common understanding that the higher the levels of innovation in the construction 
industry, the more likely that it will increase its contribution to economic growth. 
Unfortunately in many parts of the world, there is a perception that the industry is not 
generally innovative and there is little room for improvement (Blayse and Manley, 2004). 
The construction industry is dynamic in nature as it encompasses a large number of key 
players. The key players in the construction industry are governments, building materials 
suppliers, designers, general contractors, specialist contractors, the labour workforce, 
owners, professional associations, private capital providers, end users of public 
infrastructures, vendors and distributors, testing services companies, educational 
institutions, certification bodies and many others. This can be depicted in Figure 1 ,  to 
show the broad range of parties involved in the construction industry, based on Gann and 
Salter (1 998). 
Role of client and manu facturingfirm in promoting innovation 
According to Barlow and Jashapara (1998), several bodies have suggested that the 
industry could be more innovative if: 
It adopted "partnering3'- collaborative relationships between clients, 
contractors, sub-contractors and suppliers more widely. 
There was closer involvement of clients in research and if an innovation 
culture and improved mechanisms for knowledge access could be 
developed. 
If appropriate "learning networks" were established 
Their study showed that currently the main driving force in typical construction industry 
partnering relationships is eficiency improvement, but clients and suppliers are 
beginning to recognize the role partnering can play in promoting innovation. 
In their paper, Smith and Love (2001) made a comparison of past and present 
construction industries. In the 1950s, the trend was to have no client involvement in the 
decision making within construction projects. The construction process was led by design 
teams and government was a significant client back then. At the beginning of the 
millennium, the construction industry underwent changes where clients are encouraged to 
have closer involvement in the construction process and are viewed as the key driver of 
change. There are also clients with financial and organizational advisers that focused on 
cost, time and quality. In this age, the initial stage of project initiation and briefing 
receives more attention than other stages. The clients come from many other parties, and 
the government is becoming a less significant client. 
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Figure 1: Participants in the Building and Construction Project System (adapted from Gann and Salter, 1998). 
The clients have to be suficiently aware to maintain the flexibility and adaptability of 
their organization to respond to market forces and innovation. Smith and Love (2001) 
further concluded that the constant in the future is that clients will reign supreme and 
their demands must be reflected by the way in which processes are used to procure 
facilities and the quality of the final product. 
Slaughter (2000) in her paper concluded that owners or clients can consider the potential 
benefits in the improvement of both the construction process and the completed facility 
through clearer specification of desired objectives, rather than a simple acceptance of the 
standard available designs or technologies. These prominent client desires can be a 
significant catalyst for the development, consideration and use of construction-related 
innovations. 
In the same manner, manufacturers can also plan their innovation utilization activities 
adjacent to the fulfillment of specific project objectives and also by achieving their 
strategic objectives in the long term. Resource interfaces are primarily concerned with the 
technical interdependencies that arise when the resource bases of buyer and supplier are 
connected through exchange activities. In the case of the construction industry, these 
relationships exist between the key players, namely in between contractor, consultant, 
client and suppliers. Araujo et a1 (1999) stated that interactive interfaces (relationships) 
provide significant direct and indirect learning opportunities. Joint development is the 
cornerstone of direct learning and at the same time increases the potential for making use 
of what the supplier learns in activities with other customers as well as with its own 
suppliers. The open-ended nature of the exchange provides room for an overview of 
resource utilization and the pooling of "best practice" experience across all interfaces. In 
this view, it is apparent that the nature of the situation allows the transmission of 
knowledge and ideas between the parties involved and this encourages the process of 
innovating in the construction industry. 
Although many authors had stated that the construction industry is particularly unique in 
terms of innovation management, where what precedes during innovation management in 
other industries does not necessarily apply in the construction industry, the manufacturing 
sector (suppliers) of this industry does follow suit the general principle of innovations. 
The manufacturers of construction based products also follow the general steps of 
product development and life cycle of products, and will introduce new enhanced 
features on their product, just as any manufacturers. The innovation in these construction 
based products will in turn promote the use of new ways and system in the existing 
methods of construction. Araujo et a1 (1999) in their paper had concluded that 
productivity and innovativeness are not internally determined but a result of how 
companies activate their resources in relation to suppliers and customers. The ability of 
supplier to agree to the request of the customer is contingent on what resources that 
supplier has developed over time and how these resources are currently being deployed. 
The critical issue in this matter is how the key players in the construction industries 
recognize the interdependence amongst interfaces or relationships with both clients and 
manufacturers. 
Industrial relationships in the construction industry 
According to Holmen et al (2005), a relationship can be viewed as a set of connected 
exchange episodes (or business transactions). Such episodes are limited in time and may 
concern the production of deliveries, joint development projects, and product tests, 
negotiations of long term contracts, education and exchange of personnel. An analytical 
framework developed by Hfikanssen and Snehota in 1995 explained about three layers 
contained in relationships, which are activity links, actor bonds and resource ties. Holmen 
et al (2005) further stated that technological innovations is considered not to be the 
outcome of the efforts of single firm or innovator, but rather the result of an interplay 
between a number of different firms. Blayse and Manley (2004) stated that the 
importance of relationships lies in their capacity to facilitate knowledge flows through 
interactions and transactions between individuals and firms. 
In describing the nature of relationships in construction and partnering, Jones and Saad 
(2003) discussed that performance and innovation in construction are significantly 
impeded by the adversarial relationships and fragmented processes that continue to 
dominate much of construction. Figure 2 shows the wide range of relationships and 
contracts available to clients and their advisers with the introduction to strategic 
partnering. 
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Figure 2: The Wider Range of Contractual Options and Relationships (adapted from Jones & Saad (2003) 
p. 197) 
The vertical axis portrays the range of possible relationships from arm's length through a 
number of increasingly closer and collaborative relationships to a strategic alliance (the 
closest relationship possible short of a merger of the organizations involved or a friendly 
takeover). The horizontal axis represents the range of contractual relationships from a 
firm standard contract, amended (almost invariably) to benefit the client and to shift risk 
to the contractor, through to a memorandum of understanding or an oral contract. The 
main idea is to match the form of contract to the closeness and openness of the 
developing business relationship and the degree of competence trust which exists. 
Looking at industrial relationships in the construction industry, there is a significant 
increase in the number of literatures discussing the advantages of partnering in 
construction. Bresnen and Marshall (2002) raised a question of whether or not partnering 
actually does reflect a deep-seated change on attitudes within the industry in terms of 
relationships. They found out that it is unlikely that successful partnering can simply be 
engineered by formal means, or it simply evolves purely on the basis of informal 
relationships. Instead, partnering involves a combination of formal and informal 
processes and any attempt to develop a partnering approach needs at least to be aware of 
the potentially complex and dynamic interplay between them. They further concluded 
that partnering enabled problems like lack of responsiveness to user needs, lack of user 
andlor contractor input to the design and problems of design-construction co-ordination 
can be dealt with more collaboratively, efficiently and effectively. 
Humphreys et a1 (2003) also noted the nature of relationships in the construction industry, 
where it is often associated with an inappropriate traditional culture based on adversarial 
relationships and the unique features of the inter-organizational structure involving 
clients, main contractors, and sub-contractors. In implementing partnering efforts to reap 
its many benefits related to increased learning which in turn will lead to innovations, a 
major change of mindset is required. Humphreys et al (2003) in their paper proposed a 
route in which main contractors can adopt in order to embrace the advantages of 
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Figure 3: Partnering progress through increased learning (adapted from Humphreys et al, 2003) 
Godfrey et a1 (2003) had also noted the benefits of partnering in terms of construction 
industry relationships. If full potential of partnering is realized, there will be fundamental 
changes in many organizations. Companies will evolve from the current environment of 
tightly held power, linear authority hierarchies, and the mindset of doing things the way 
they had always done them to a more open environment in which flexibility, empathy for 
others and a willingness to try new ways of doing things are the standard mode of 
operation. When project teams are created in companies with this attitude, the potential 
for major improvements will be excellent. These teams will be the ones that will not 
accept "normal" performance. They will constantly be looking for new ways or in other 
words to innovate in order to improve their project and will risk trying radically different 
ideas. These teams will also have the potential to make dramatic changes in schedule 
duration, cost of the work, and customer satisfaction. Because of this significant potential 
gain companies that do not embrace it could lose their competitiveness. Companies that 
work effectively with others will be the low-cost, high-quality producers. 
There are many examples in industries other than construction of companies developing 
partnering relationships to improve their competitive position and innovativeness in the 
marketplace. The construction industry can learn a lot about partnering relationships by 
looking at others outside our industry and learning from their experiences. 
Clients, manufacturers and industrial relationships and how they affect innovation 
The relationship between clients and manufacturers can lead to innovation. According to 
Godfrey et al (2003), by identifying trends in the construction industry and recurring 
problems, the two groups can jointly develop more effective products that respond to the 
needs identified by these relationships. Presently, new products are not readily accepted 
in the construction industry because of concerns about durability, compatibility with 
other materials, production quality control, production capacity etc. If client, designers, 
contractors and manufacturers were in more interactive relationship, they would have a 
clearer understanding of the answers to these questions through participation in defining 
the problems and the solutions. 
Smith and Love (2001) concluded that the construction industry is responding to the 
demands being imposed on it by its clients. Consultants and contractors must re-examine 
the services they provide so as to correspond to the changing economic and social 
demands of clients and stakeholders. They further predicted that the constant in the future 
is that clients will reign supreme and their demands must be reflected by the way in 
which processes are used to procure facilities and the quality of the final product. 
In most cases Singh (2004) reported that designers and consultants have new innovative 
ideas, but are hesitant to implement them simply because the clients did not want it as it 
could be risky or too expensive. This reflects the power that the client has on the 
construction project and innovation outcome. 
Manufacturers can also pursue partnering relationships with research universities and 
government agencies, with the goal of developing new products. Many people will be 
anxious to share their ideas and support new product development or innovation ideas if 
they are made aware of specific needs and if support is available. In order to foster 
fruitful relationships, focus is needed on effective interpersonal relationships, joint work 
plans, and collective problem identification and solving, encouraging creativity and 
innovation within each project team in the construction industry. 
Barlow and Jashapara (1998) in their paper concluded that it seems unlikely that there are 
at least potential benefits in the regular use of external organizations which bring 
different experiences and knowledge bases. The emergence of trust arising from the 
partnering process and industrial relationships may be a key factor in transferring 
knowledge between organizations. 
Issues that hindered construction innovation 
There are considerable barriers to innovation inherent in construction's specificities and 
culture which has been identified by Jones and Saad (2003) as the following: 
Lack of appropriate leadership 
Insufficient learning 
Lack of investment in people 
Inappropriate organizational structures 
Misalignment and fragmentation of upstream and downstream processes 
= Adversarial relationships 
Emphasis on price competition 
Exclusion of many key participants due to irregularities 
They stated that most of the above inhibitors can be addressed by ensuring better 
management and development of people, including: 
Greater and more inclusive participation of specialist and trade 
subcontractors and their suppliers. 
More effective leadership throughout the project process and the 
organizations involved. 
Appropriate and continuous learning at the individual, project and 
organizational level. 
New culture to support, promote, implement and sustain innovation in 
construction, and 
More effective external support. 
In their paper, Sexton and Barrett (2003) summarized the three main themes of factors 
that hindered innovation which are: 
The project-based nature of the construction industry is a significant 
barrier to innovation. 
The potentially adverse effect on innovation of the structurally fragmented 
nature of the construction industry. 
The market conditions and innovation debate that information from the 
environment is presented in the form of 'precipitating events' that 
stimulate or hinder innovation activities. 
2. CONCLUSION 
This paper presents an observation study based on the review current researchers of 
impact of relationship among the industrial key players. It is also outlines key factors and 
trend of nature relationship in organization to enhance construction innovation. 
Basically, innovation is a process of chance the generation of a new idea and normally it 
refer to the output and process with technologically solution to realize costumer need. 
Early 1950, the construction process was lead by design team however now days, client is 
the closer as the key driver of change. The construction industry can be more innovative 
by implementing the concepts of partnering, involving in research and establishing 
learning networks with some universities and government agencies especially to develop 
a new method in doing things or products. 
In conclusion, the three principal factors that affect of relationship among client, 
manufacturers and industry are summarized below: 
o Client and manufacturers must identify trends in construction industry to 
recurred problem by develop effective product. 
o Consultant and contractor must re-examine the services according to the 
economic and social demands to procure facilities and quality of the find 
product. 
o Designer and consultant must creative reflects to implement the product which 
not too risky or expansive for the client. 
3. REFERENCES 
Blayse, A.M. and Manley, K. (2004) Key influences on construction innovation. Construction Innovation 
4, 143-1 54. 
Narayanan, V.K. (2001) Managing Technology and Innovationfor Competitive Advantage, Prentice Hall, 
New Jersey. 
Gann, D.M. and Salter, A.J. (2000) Innovation in project-based, service-enhanced firms: the construction of 
complex product and systems. Research Policy 29,955-972. 
Gann, D.M. and Salter, A.J. (1998) Learning and innovation management in project-based, service- 
enhanced firms. International Journal oflnnovation M a ~ g e m e n .  2(4), 43 1-454. 
Barlow, J. and Jashapara A. (1998) Organisational learning and inter-firm "partnering" in the UK 
construction industry. fie Learning Organization 5(2), 86-98. 
Smith, J. and Love, P.E.D. (2001) Adapting to clients' needs in construction - a dialogue. Facilities 
19(1/2), 71-78. 
Slaughter, E.S. (2000) Implementation of construction innovation. Building Research and Infomation 
28(1), 2-17. 
Araujo, L., Dubois, A. and Gadde, L.E. (1999) Managing interface with suppliers. lndus~rial Marketing 
Management 28,497-506. 
Holmen, E., Pedersen, A.C. and Torvatn, T. (2005) Building relationships for technological innovation. 
Journal ofBusiness Research 58, 1240- 1250. 
Jones, M. and Saad, M. (2003) Managing innovation in construction, Thomas Telford, UK. 
Bresnen, M. and Marshall, N. (2002) The engineering or evolution of co-operation? A tale of two 
partnering projects. International Journal ofproject Management 20,497-505. 
Humphreys, P., Matthews, J. and Kumaraswamy, M.(2003) Pre-construction project partnering: from 
adversarial to collaborative relationships. Supply Chain Management: An International J o u r ~ l  
8(2), 166- 178. 
Godfrey, K.A. Jr (1996) Partnering in Design and Construction, McGraw-Hill, New York. 
Singh, 1. (2004) Lead users concept in building designs: its applicability to member selection in 
technologically innovative projects. The TQMMagazine 16(5), 359-368. 
Sexton, M. and Barrett, P. (2003) A literature synthesis of innovation in small construction firms: insights, 
ambiguities and questions. Construction Management and Economics 2 1,6 13-622. 
